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1 Overview of the Assessment Tool 
 
The Heavy Rainfall Warning (HRW) Assessment Tool is a toolkit for Microsoft Excel. The tool 
allows the user to configure an assessment framework for a particular format of Heavy Rainfall 
Warning, enter and save data for forecasts and ground-truths, and generate a range of performance 
measures and other statistics for new and previously saved data. Summary tables are presented 
using Excel's PivotTable feature, from which charts can also be generated.  
 
1.1 System Requirements 
 
The HRWAssessment Tool runs under Microsoft Excel 97 or later on Windows 95/98/ME, 
Windows NT, Windows 2000 and Windows XP. There are slight differences between the 
workbooks generated for Excel 97, 2000 and 2002. For normal use the following minimum 
system specification is recommended: 
• Desktop workstations 
• At least 300 MHz Pentium 
• At least 64 Mbytes physical memory 
• At least 20 Mbytes free disk space 
• A display capable of 800x600 by 256 colours 
• A mouse or other compatible pointing device. 
 
1.2 Installation Procedure 
 
This version of the HRW Tool may be run entirely or partially from the CD. 
 
It is recommended that the hrw_tool folder is copied from the CD and stored locally. The 
templates and examples supplied on the HRW Tools CD have been setup with the default of 
expecting the hrw_tool folder to reside under c:\hrw_assessment. If this folder is stored 
elsewhere then the templates and examples should be edited and saved so that they point to 
the correct locations. This is described below. There should be no need to edit the templates 
and examples if the c:\hrw_assessment directory is chosen. 
 
If the templates are used directly from the CD the location of the workbook or template will 
have to be specified each time the tool is used. 
 
The HRW tool is designed so that dll files do not need to be copied from the CD. The 
programs will look for the dll files on the D drive: thus users will need access to the CD 
whenever they run the HRW tool. If the dll files are located elsewhere, or the D drive is not 
the CD-drive, then the HRW_results template should be modified to point to the correct 
location (see below). 
 
Editing the HRW.xlt template 
This operation will be necessary unless the templates are located in the c:\hrw_assessment 
\hrw_tool\templates directory. 
(1) Make sure that the templates directory has been moved to the required location. 
(2) Set the HRW.xlt file to have read/write access (Right click on the templates folder in 
Windows Explorer and select properties: make sure that the read-only box is not 
checked). 
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(3) Open the HRW.xlt template by right-clicking on the file name in Windows Explorer 
and selecting "Open". Do not double click to open, as this will simply generate a 
spreadsheet derived from the template. 
(4) Specify the location of the HRW_RESULTS.xlt template at the top of the "Data 
Table" worksheet of the HRW template, in the field labelled "Export workbook or 
template", as shown in Figure 1. The Browse button can be used to navigate to the 
location of the Results template as installed on your machine. 
(5) Save the HRW.xlt file 
(6) Make the HRW.xlt directory is read-only - right click on the templates folder in 
Windows Explorer and select properties, check the read-only box . 
 
 
Figure 1 Specifying the location of the Results workbook template. 
 
Editing  the HRW_results.xlt template 
This operation should only be needed if the dll is not to be found on the HRW tool CD under 
the D drive 
(1) –(3) as above, but for the HRW_results.xlt sheet. 
(4) The location of the forecasting verfication dll should be specified at the top of the 
"Data" worksheet Results template, as shown in Figure 2. Again a Browse button is 
provided and should be used to navigate to the location of the forecast_verification.dll, 
located on the CD under \hrw_tool_dll\dll. 
(5)-(6) Save and make read-only as above. 
 
Editing the examples workbooks 
The examples will need to be edited unless the template files are stored in the 
c:\hrw_assessment\hrw_tool\templates directory. The examples should be edited in the same 
way as the HRW and HRW_results templates.  
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 Figure 2 Specifying the location of the dll. 
 
1.3 Assessment Procedure 
 
Assessment using the HRW Tool consists of four stages: configuration, data entry, data table 
export and performance measure generation. Two different Excel workbooks are used in this 
process: the Data Entry Workbook for configuration and data entry, and the Results Workbook 
to which data are exported and in which results are calculated. 
 
The starting point for assessment is the HRW.xlt Excel template. This is used to generate the 
Data Entry Workbook. The user carries out configuration and data entry in this workbook and 
then uses embedded worksheet buttons to export the data to the Results Workbook where 
performance measures and other statistics are generated. More information about the 
recommended procedure in terms of selection of ground-truths, comparative forecasts and 
sample sizes required for different performance measures is given in Section 6. 
 
1.4 About this User Guide 
 
Sections 2 to 5 of the User Guide present a "walk-though" of each aspect of the HRW 
Assessment Tool user interface, presented in the order typically encountered by the user. In 
Section 6 an overview of the recommended assessment procedure and a guide to each of the 
available performance measures is given. In Section 7 the data used in three example 
assessments are listed and advice is given as to how to make use of the information contained in 
the warnings. The Excel workbooks containing these example assessments can be found on the 
CD under hrw_tool\examples. A pdf version of this User Guide can be found on the CD under 
hrw_tool\documentation. 
 
1.5 Limitations 
 
It is important that the user does not alter the layout of the HRW Tool workbooks in any way. 
The correct functioning of the workbook is dependent on the worksheet layout being 
unchanged.  
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2 Configuration of a Heavy Rainfall Warnings Assessment 
The first stage in the assessment process is configuration of the assessment. Sections 2.1 to 2.4 
describe how to create a new Data Entry Workbook and enter configuration information. Many of 
the configuration specifications may remain constant for a given format of forecasts and so the 
construction of a pre-configured template is described in Section 2.6.  
2.1 Creating a new Data Entry Workbook 
 
To create a new Data Entry Workbook, navigate to the hrw_tool\templates folder and double click 
the file "hrw.xlt". Excel will open and create a new workbook based on the hrw.xlt template. This 
workbook is used to configure an assessment and enter data. You may wish to save the new 
workbook immediately with an appropriate name and location. 
 
The new assessment workbook consists of two worksheets named "Configuration" and "Data 
Table". The Data Table Sheet is described in Section 3. Sections 2.2. to 2.5 describe how to fill in 
each part of the Configuration Sheet to configure an assessment. 
 
2.2 Overview of the Configuration Sheet 
 
An example Configuration Sheet filled in for a set of Northeast Region Heavy Rainfall Warnings is 
given in Figure 2.  
 
The worksheet is headed with the title "Heavy Rainfall Warning Assessment Tool: Configuration 
Sheet". Below this title is a grey bar containing a button labelled "Create Tables". This button is 
used to create data entry tables on the "Data Table" sheet when the Configuration Sheet has been 
completed. 
 
Below the grey bar is a purple area where the configuration details are filled in. Depending on the 
resolution of your monitor and font settings, you may wish to view this sheet at 75 % zoom in order 
to view the full width of the configuration area without scrolling. 
 
The configuration area contains three main sections which defined the configuration. Sections 2.3 to 
2.5 describe the three areas in turn. 
 
When the configuration details have been entered, the Create Tables button should be clicked to 
generate the data entry tables on the Data Tables Sheet. See Section 3 for further information on 
data entry. 
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a) Top half - Assessment Details and Performance Measure Specification 
 
 
b) Bottom half - Target Quantities 
 
 
Figure 2  Example Configuration Sheet in the Data Entry Workbook.  
 
2.3 Assessment Details 
This section of the Configuration Sheet should be filled in with the relevant details for the 
assessment. Many of the fields entered here will be common to all assessments for a given format of 
Heavy Rainfall Warning. See Section 2.6 for more information about how to create a pre-
configured template to avoid re-entering common information. 
2.3.1 Reference 
Optional. Enter a reference number, name or code for this assessment. This field will appear in the 
output and provides a way of identifying a set of assessment data. This field is not used for 
calculation by the software.  
 
 6 
2.3.2 Notes 
Optional. Enter any further information required about the assessment. This field is not used for 
calculation by the software.  
2.3.3 Start Date 
Optional. Enter the start date of the assessment period, if required. The date will be reformatted to 
the form "01 January 2002" and will appear in the output. This field is not used for calculation by 
the software.  
2.3.4 End Date 
Optional. Enter the end date of the assessment period, if required. The date will be reformatted to 
the form "01 January 2002" and will appear in the output. This field is not used for calculation by 
the software.  
2.3.5 Number of areas to be assessed 
Compulsory. Enter the number of separate areas for which Heavy Rainfall Warnings are issued and 
are to be assessed. When deriving performance measures, statistics will be calculated for each area. 
If desired, assessment can be carried out separately for each area, in which case "1" would be 
entered here. Note however that if this approach is taken there is no way to compare performance 
across different areas using the HRW Assessment Tool.  
2.3.6 Names of areas 
Compulsory. Enter a name for each area in a separate column. These area names appear in the 
output. Note area names and order of appearance in the list must remain consistent for different 
assessments if results are to be merged. 
2.3.7 Number of target quantities  
Compulsory. Enter the number of different target quantities to be assessed. A target quantity is a 
single quantity that is forecast in the Heavy Rainfall Warnings. This forecast quantity should always 
be able to be assessed against the same ground-truths and comparative forecasts. For example, in 
some regions the forecast quantity is always described as "rainfall  amount", and so there would be 
just one forecast quantity. In other regions a rainfall amount and a maximum rainfall are usually 
given. Try to include all quantities that could be given in a warning, not just those included in the 
set of warnings to be assessed immediately. 
2.3.8 Names of target quantities 
Compulsory. Give a name for each of the target quantities. Here it is helpful to use a name that 
describes how the quantity would be derived from the true rainfall field. An example set of 
quantities is: 
 
"Spatial Mean Accumulation" - the areal average rainfall accumulated over the appropriate time. 
"Spatial Maximum Accumulation" - the areal maximum point rainfall in the accumulated field. 
"Spatial Maximum Rainfall Rate" - the areal maximum point rainfall rate during the period. 
 
Performance measures will be pooled across the same target quantity forecast in different warnings. 
 
Note that for some regions (e.g. Thames/Southern/Anglian) the format of Heavy Rainfall Warnings 
includes two target quantities, each of which have two forecasts: a probability forecast and a 'most 
likely' forecast. See Section 7 and the accompanying example workbooks for further examples of 
target quantities contained in Heavy Rainfall Warnings from various regions. 
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Note quantity names and order of appearance in the list must remain consistent for difference 
assessments if results are to be merged, and so it is very important to define the quantities clearly 
before starting any assessment. 
2.3.9 Units 
Compulsory. Enter the units for the quantity, usually "mm" or "mm/hr". 
2.3.10 Number of warnings to assess 
Compulsory. Enter the total number of warnings to assess. This will usually be the physical number 
of Heavy Rainfall Warnings issued in the assessment period. However there may be cases when a 
single warning contains more than one forecast of a single quantity, for example a forecast of 
spatial mean rainfall for two different time periods. In this case the simplest solution is to include 
this as two warnings. See Section 7.2 for an example of this. 
 
2.4 Performance Measures 
 
In this section of the Configuration Sheet there is a drop down list for each set of performance 
measures; setting the value to TRUE will result in the appropriate performance measure being 
calculated, setting it to FALSE will mean the statistics are not produced. Note that the Brier Score 
should only be used when the warnings contain probability forecasts. See Section 6 for a guide to 
each set of performance measures. 
2.5 Target Quantities 
 
The last section of the Configuration Sheet contains a sub-section for each of the target quantities 
named in the Assessment Details section. 
2.5.1 Quantity 
Compulsory. This is the reference number of the target quantity given in the Assessment Details 
section. This number is automatically filled in. 
2.5.2 Name 
Compulsory. The name for this target quantity. This field is filled in automatically from the name 
give in the Assessment Details section. 
2.5.3 Units 
Compulsory. The units for this target quantity. This field is filled in automatically from the units 
give in the Assessment Details section. 
 
2.5.4 Number of forecasts to assess 
Compulsory. The number of different forecasts to be assessed for this quantity, including the Heavy 
Rainfall Warning forecasts and any comparative forecasts (e.g. Nimrod/Gandolf) or naive forecasts. 
In the example shown in Figure 2 the Heavy Rainfall Warning forecast and two naive forecasts 
have been included for both forecast quantities. 
2.5.5 Names of forecasts 
Compulsory. Names for each of the forecasts to be assessed. For the Heavy Rainfall Warnings this 
would normally be the name given in the warning (e.g. "Most likely point maximum"), or simply 
"HRW" if there is only ever one Heavy Rainfall Warning forecast type for this quantity. 
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2.5.6 Type TRUE if forecast is in probability form 
Compulsory for probability forecasts. For other forecasts this field can be left blank. Note only one 
probability forecast is allowed for each target quantity. 
2.5.7 Number of rainfall categories for probability tables 
Compulsory for probability forecasts. The number of rows in the probability table, including a row 
for a lower bound of zero, even if this is not included in the probability table. 
2.5.8 Number of ground-truths 
Compulsory. The number of ground-truths to be used in the assessment of this quantity. This may 
include truth derived from different sources, e.g. raingauge and radar, and different methods of 
obtaining the ground-truth value, e.g. median or mean raingauge. 
2.5.9 Names of ground-truths 
Compulsory. A name for each form of ground-truth. It is helpful for the name to be as descriptive as 
possible in defining how the ground-truth was derived.  
2.5.10 Number of skill score thresholds 
Compulsory if skill scores requested in Performance Measures section.  
2.5.11 Skill score threshold values  
Compulsory if skill scores requested in Performance Measures section. The values of the thresholds 
to be used. These are used to derive measures of the performance of forecasts in predicting rainfall 
above or below a given amount or rate. A range of thresholds should be specified, including zero 
and the Heavy Rainfall Warning trigger values if known. Note that the skill scores look for 
forecasts and observation greater than the threshold value, so a common forecast of 30 mm is best 
tested using a threshold slightly less than 30 mm, e.g. 29, 29.5 or 29.9 mm.  Units for the thresholds 
are the same as those of the target quantity. 
 
2.6 Creating a pre-configured template 
Many of the fields in the Configuration Sheet can be defined once for a given format of Heavy 
Rainfall Warning. This is advisable to ensure consistency across different assessments and to enable 
the merging of data to derive pooled measures over larger sample sizes. Once the fields have been 
decided upon, a template can be created as follows. 
 
Open the HRW.xlt template file by right clicking on it in Windows Explorer and selecting Open. 
Now save the file under a different name as a template file (e.g. HRW_Thame.xlt). You may need 
to navigate back to the HRW Tool directory as Excel often has a pre-configured directory in which 
to save template files. Add the configuration details to the Configuration Sheet of the new template 
and save again as a template. Close the template and then open a workbook from it by double 
clicking on the file name in Windows Explorer. Check the configuration by clicking the Create 
Tables button. Make changes to the template file as necessary. The new template can now be used 
in place of HRW.xlt to generate new Data Entry Workbooks. 
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3 Data Entry 
 
When the configuration has been completed, click the Create Tables button on the Configuration 
Sheet. This triggers a process to validate the configuration information and then use the information 
provided to create a set of data entry tables on the Data Table Sheet. Note that once the data tables 
have been generated, clicking the button again will overwrite the tables according to the current 
configuration. This is not recommended. To amend the data table structure, generate a new Data 
Entry Workbook from the HRW template and then copy and paste the relevant fields into the 
Configuration Sheet of the new workbook. Then use the Create Tables button to generate new data 
tables. 
 
An example Data Table Sheet is shown in Figure 3. Sections 3.1 to 3.3 describe how to add data to 
the tables. 
 
a) Data Table Sheet derived from the configuration shown in Figure 2. 
 
 
b) Section of Data Table Sheet showing columns for entry of probability forecast data, 
example for Thames region "Probability of at least this Rainfall Rate" forecast. 
 
 
 
Figure 3  Example Data Table Sheets.  
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3.1 Header information 
 
The Data Table Sheet is headed with the title "Heavy Rainfall Warning Assessment Tool: Data 
Entry Sheet". Below this is a grey bar with a button labelled "Export Data" and two fields 
specifying how to export the data. This area is used when the data have been entered in the table. 
The path specified in the field labelled "Export workbook or template" can be either a template for a 
new workbook to export the data to, or an existing export workbook containing previously loaded 
data. The field marked "Add to existing table" specifies whether the export should be to a new 
workbook using the template or to an existing workbook. The export process is described fully in 
Section 4. 
 
Below the grey bar is a white area containing a summary of the assessment details used to construct 
the data entry tables. This area is for information only; the configuration sheet is used when the data 
are exported. 
 
3.2 Data Entry Tables 
 
A yellow bar marks the start of the data entry tables on the sheet. Each target quantity specified in 
the configuration has a separate table headed by a yellow bar containing the number, name, units, 
number of ground-truths and number of forecasts for this target quantity. The header details are for 
information only; the configuration sheet is used when the data are exported. 
 
As shown in Figure 3(a), each data entry table has a set of rows for each warning specified in the 
configuration. Within each warning section there are rows for each area. A single row is therefore 
used to represent a single target quantity for a single warning and single area. In each row there are 
columns to enter information about the Heavy Rainfall Warning (shaded purple), values for each 
single-valued forecast and probability forecast (shaded orange and blue respectively) and values for 
each form of ground-truth (shaded green). 
 
Because rows in the table are generated for every combination of quantity, warning number and 
area, there may be a number of rows in the table that do not correspond to an existing warning. In 
this case the cells should simply be left blank. Blank cells are ignored when the data are exported 
for assessment. Similarly cells corresponding to missing data should be left blank. 
 
In the current version of the HRW Assessment Tool, a row in the data entry table is ignored in the 
calculation of performance measures if any of the forecasts or ground-truths values are missing. 
This will not be the case in the release version of the software. 
 
Sections 3.2.1 to 3.2.13 describe each column in the data entry table. Note that when entering data 
in the table, common fields will be copied automatically from the first row in the table or table 
section to all other relevant rows for convenience. 
3.2.1 Warning Number 
Compulsory. This gives the number of the warning within the current assessment and is filled in 
automatically. Do not edit this field. 
3.2.2 Reference 
Optional. This field can be used to store the warning reference number or code, if applicable. This 
field is not used for calculation by the software.  
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3.2.3 Issue Time/Date 
Optional. This field can be used to store the issue time and date of the warning, if applicable. Both a 
time in the 24 hour clock and a date with year should be entered. This field is not used for 
calculation by the software.  
3.2.4 Validity Time/Date 
Optional. In some regions, e.g. North West, warnings are given a “valid time”: this may be the time 
up until which the warning is valid, or a period of validity. In regions where a validity time is stated, 
the validity field may be used to store the validity time and date of the warning. Both a time in the 
24 hour clock and a date with year should be entered.  The field is only provided for reference 
purposes and is not used for calculation by the software. 
3.2.5 Trigger 
Optional. This field can be used to store the trigger for warning, if applicable. This might be the 
type of warning e.g. Thunderstorm, or Heavy Rainfall, or might refer a specific type of event and 
use local terminology, e.g. "Event A" in Northwest region. This field is not used for calculation by 
the software.  
3.2.6 Area No. 
Compulsory. This field is automatically filled with the reference number of the area. Do not edit 
this field. 
3.2.7 Area 
Compulsory. This field is automatically filled with the name of the area. Do not edit this field. 
3.2.8 Start Time/Date 
Optional. This field can be used to store the start time and date of the warning, to aid in the manual 
data entry of ground-truth and forecast values. For ease of reference the time is best converted to 
GMT before entry. Both a time in the 24 hour clock and a date with year should be entered. This 
field is not used for calculation by the software.  
3.2.9 End Time/Date 
Optional. This field can be used to store the end time and date of the warning, to aid in the manual 
data entry of ground-truth and forecast values. For ease of reference the time is best converted to 
GMT before entry. Both a time in the 24 hour clock and a date with year should be entered. This 
field is not used for calculation by the software.  
3.2.10 Forecast(s) 
Each single-valued forecast (i.e. not probability forecast) specified in the configuration has a 
column headed by the configured forecast name. The forecast value for the corresponding quantity 
and area should be entered here. Missing or non-existent values should be left blank. Units are those 
given in the header bar for the target quantity. 
3.2.11 Probability Forecasts 
As shown in Figure 3(b), if a probability forecast is specified in the configuration, columns shaded 
blue appear in the data entry table. From left to right in the data entry table, the probability table 
should be entered in the form: lower bound 1, forecast 1 (%), lower bound 2, forecast 2  (%) ,etc. 
The lower bounds must increase from left to right and the probabilities must stay constant or 
decrease. The first lower bound must always be equal to zero, even if this does not appear in the 
Heavy Rainfall Warning probability table. For the current format of Thames/Southern/Anglian 
forecasts, this means that a probability for a rainfall rate greater than zero needs to be inferred from 
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the value for a lower bound of zero in the accompanying "Probability of Rainfall Amounts" table. 
For an example, see Section 7 and the accompanying example workbooks. 
 
Any probabilities left blank in the table are treated as zero. The estimated median (50% point) of the 
entered distribution is calculated automatically and appears in a column to the right of the 
probability table values. If the median value does not appear, check the spreadsheet cell values have 
been recalculated by pressing the F9 key. If still no median appears, the entered probability table 
may be invalid. 
3.2.12 Ground-truth(s) 
Each form of ground-truth specified in the configuration has a corresponding column in the table to 
enter the ground-truth value. The units are the same as those specified in the header for the target 
quantity. For more information on the computation of ground-truth to enter into the table, see 
Section 6. 
3.2.13 Notes 
The final column in the table is headed "Notes" and provides space for any comments on the values 
entered. This field is not used for calculation by the software.  
 
3.3 Export Data Button 
 
When the data entry has been completed, the next step is to export the data to a new workbook 
where calculation of performance measures and other statistics is carried out. The export process is 
carried out automatically by the tool when the "Export Data" button is clicked. The export process 
is described in Section 4. 
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4 Export Data Table Creation 
 
The third stage in the assessment process is the export of the data from the Data Table Sheet of the 
Data Entry workbook to a Results Workbook where performance measures are calculated. The 
export process is carried out automatically by the tool when the "Export Data" button on the Data 
Table Sheet is clicked. 
 
There are two ways to export the data: to a new Results Workbook or to an existing Result 
Workbook that has been previously created using the HRW Assessment Tool. The second method 
is used when new data need to be combined with previously loaded data in order to derive 
performance measures from the combined dataset. When adding to an existing workbook both 
datasets must have the same configured areas, quantities, forecasts and ground-truths. Some 
consistency checking is performed by the software when the export to an existing workbook is 
requested. 
 
Figure 4 shows an example Data Sheet in a Results Workbook. 
 
 
 
 
 
 
Figure 4  Example Data Sheet created when data are exported 
 
 
 
 14 
4.1 Creating a new export workbook 
 
Below the title of the Data Table Sheet in the Data Entry Workbook is a grey bar containing the two 
fields which specify how to export the data. To export the data to a new Results Workbook, the path 
specified in the field labelled "Export workbook or template" should give the full pathname of the 
"hrw_results.xlt" export workbook template as installed on your system. This pathname should 
appear by default if the HRW Assessment Tool has been set up correctly. The check box labelled 
"Add to existing table" should be unchecked. 
 
 
4.2 Adding data to an existing workbook 
 
Below the title of the Data Table Sheet is a grey bar containing the two fields which specify how to 
export the data. To export the data to an existing Results Workbook, the path specified in the field 
labelled "Export workbook or template" should give the full pathname of the workbook to be used. 
The check box labelled "Add to existing table" should be checked. 
 
Data can only be exported to a Results Workbook previously created using the HRW Assessment 
Tool. The datasets in the existing workbook and the data added must have the same configured 
areas, quantities, forecasts and ground-truths. Some consistency checking is performed when the 
export to an existing workbook is requested. 
 
 
4.3 The Results Workbook 
 
When the Export Data button is clicked, a new or existing Results Workbook is opened and the data 
from the Data Table Sheet in the Data Entry Workbook are written to the end of the large data table 
on the Data Sheet of the Results Workbook. An example is shown in Figure 4. Users of the HRW 
Assessment Tool will not normally need to look in detail at the contents of the table. 
 
At the top of the Data Sheet in the Results Workbook is a button labelled "Calculate" which is used 
to calculate performance measures and other statistics from the contents of the data sheet. The 
configuration specified in the Data Entry Workbook is automatically written to the Results 
Workbook when the data are exported and so the Results Workbook can be used independently 
when calculating performance measures. 
 
In order to store data for future use, the export workbook should be saved at this point, before the 
performance measures and other statistics are calculated. New data cannot be added to a workbook 
which contains calculated performance measures. If this form of the workbook is not saved, datasets 
should be merged in future by creating the Results Workbook again from the original Data Entry 
workbook, and then other datasets exported to the newly created Results Workbook.  
 
 
 
 15 
 
5 Results Tables and Charts 
 
The fourth and final stage in the assessment process is the calculation of performance measures and 
the generation of summary tables and charts.  
 
5.1 Generating Results 
Performance measures and other statistics can be calculated in any Results Workbook that contains 
a Data Sheet only. This workbook may have been newly generated from a set of data, recently 
added to with new data, or previously saved without results being calculated. Results are calculated 
based on solely the information and data contained in the Data Sheet and so the Results Workbook 
is completely self-contained. 
 
Results are generated by clicking the "Calculate" button at the top of the Data Sheet in the Results 
Workbook. Performance measures and other statistics are automatically calculated and pairs of 
worksheets are added to the workbook, one pair for each of the groups of statistics requested in the 
configuration. Within such a pair of worksheets, one sheet contains a list-formatted table of results. 
The other sheet contains a summary table generated from the list-formatted table. The summary 
tables are presented using Excel's built in Pivot Table feature. Table 5 shows the names of the 
worksheets and the statistics contained in each. 
 
For target quantites where there is only a single warning it is only possible to provide a restricted set 
of statistics. Section 5.4 details what is available for single warnings. 
 
Table 5 Statistics generated using the HRW Assessment Tool 
 
Configuration 
Name Description Results Table Sheet Summary Sheet 
Typical size of 
error 
Mean absolute error and 
root mean square error. 
 
 
Efficiency R2 statistic.    Performance Statistics PerformanceSummary 
Bias Mean, median and percentage errors.   
Skill Scores Categorical performance 
measures 
Skill Scores SkillScoresSummary 
Statistics of 
observations 
Mean, median and 
standard deviation of 
observations. 
Stats Obs StatsObsSummary 
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Statistics of 
forecasts 
Mean, median and 
standard deviation of 
forecasts. 
Stats Fcsts StatsFcstsSummary 
Compare 
forecasts 
Standardised differences of 
Typical size of error 
measures across different 
forecasts. 
Cmp Forecasts CmpFcstsSummary 
Compare ground-
truths 
Standardised differences of 
Typical size of error 
measures across different 
ground-truths. 
Cmp G truths CmpGSummary 
Brier Score 
(Probability) 
Continuous Brier Score for 
probability forecasts. Brier Score BrierSummary 
 
5.2 Results tables 
The results tables provide access to all the statistics generated by the HRW Assessment Tool and 
are used to generate the pivot tables presented in the summary sheets.   
5.3 Summary tables  
The summary sheets provide pivot tables of the results allowing the user to view the statistics 
generated in an easily readable form. The exact appearance of the pivot tables depends on the 
version of Excel used. 
 
Users are advised to read the information about pivot tables in the Excel online help if they are not 
already familiar with this feature of the software. It is also advisable to keep a back-up copy of the 
automatically generated workbook before attempting to modify the pivot tables. Examples of the 
pivot tables generated for each set of statistics are given in Figures 5.3.1 to 5.3.7. These examples 
demonstrate the format of the pivot tables. More information about the interpretation of the 
statistics found in the tables is given in Section 6. A blank in a pivot table indicates that it was not 
possible to calculate this particular quantity. 
 
By default, the page fields (those appearing at the top of the pivot table) in the pivot tables include 
"all" as one of the categories. Before using the values in the table, it is important to specify a single 
option (e.g. a ground-truth, a single quantity). This is to ensure that the values in the pivot tables 
correspond to unique values in the source tables. By default, Excel uses a summary function on the 
data, in this case the average. So for example, if "(all)" was specified in the Quantities field shown 
in Figure 5.3.1 instead of a single named quantity, the values in the table would be the average of 
the values for all quantities, which would be meaningless. The automatically generated pivot tables 
have been set up so that as long as a single option is specified for each of the page fields, the values 
in the tables should correspond to unique values in the source table.  
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Figure 5.3.1 Pivot table generated for "Performance Statistics". Note units of performance 
measures are the same as that of the quantity unless specified otherwise in the name of the 
performance measure. 
Page fields - must be specified 
Performance measures Areas Values of performance 
measures for each area 
and forecast  
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Figure 5.3.2  Pivot table generated for "Skill Scores". Scores are displayed for a single area. 
Blank cells in the table correspond to scores that are incalculable because of the need to divide 
by zero. The "Climatology" field gives the score obtained by using a forecast generated 
randomly with the same number of values above the threshold as in the observations (see 
Section 6.1.3). 
 
Skill Score and range of values, 
best value marked with * 
 
Threshold Score for each forecast 
 
Page fields - must be specified 
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Figure 5.3.3  Pivot table for statistics of forecasts. The NOccasions field gives the sample size 
used to compute the performance measures. 
 
 
 
Figure 5.3.4  Pivot table for statistics of observations. The NOccasions field gives the sample 
size used to compute the performance measures. 
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Figure 5.3.5 Pivot table for comparison of forecasts. This table shows the results of comparing 
each of the two naive forecasts with the Heavy Rainfall Warning forecast. A value larger than 
2.2 in the table indicates strong evidence that the "Base Forecast" is better than the HRW 
Forecast. A value less than -2.2 indicates strong evidence that the "Base Forecast" is worse 
than the HRW forecast.  
 
 
 
 
 
Figure 5.3.6  Pivot table for comparison of ground-truths. This table shows the results of 
comparing the use of each of the two sources of ground-truth to assess the performance of the 
Heavy Rainfall Warning forecast. A value larger than 2.2 in the table indicates strong 
evidence that the performance of the HRW forecast as measured using the raingauge ground-
truth is better than the performance measured using the radar ground-truth. A value less 
than -2.2 indicates strong evidence that the opposite is true. 
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Figure 5.3.7  Pivot table for Brier Score. The table shows the mean absolute error for the two 
single-valued forecasts (the Most likely point maximum and the median of the probability 
forecast), along with the continuous Brier Score for the single-valued forecasts with a 100% 
error band and the probability forecast itself. 
 
 
5.4 Single warnings 
 
Single warnings necessarily contain only a very limited amount of data and are of limited use in 
assessing heavy rainfall warnings. The Heavy Rainfall Warning Assessment Tool is primarily 
designed for use with multiple forecasts. 
 
For a single warning only a limited number of statistics can be calculated. The most useful statistic 
(see section 6.2) is the bias (mean error). This is simply the difference between the observation and 
forecast. Note that the root mean square error and median error also give an identical value, as does 
the mean absolute error but without the sign. The R2 Efficiency is undefined. The % error in the 
maximum observation provides a scaled, dimensionless measure of the size of error and thua is also 
of possible value. 
 
Other statistics such as the mean of the forecasts or the mean of the observations are determined for 
single observations – but they simply reproduce the single value(s) from the warning. Skill Scores 
are not calculated for single observations – their values are undefined or are equal to 1 or 0 and are 
not useful. Forecast and ground-truth comparison statistics are also not provided as they are 
undefined for single observations. 
 
Figures 5.4.1-5.4.4 show  results that are obtained from the Tool when there are only data for a 
single warning. The data are based on a cut down version of the data illustrated in 7.2.  For this 
instance, the Lune has only one warning, whilst the other 2 areas have data for 3 warnings. The 
Skill Scores summary pivot table is not included in the figures because it is blank for the Lune.  
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Figure 5.4.1 Pivot table generated for "Performance Statistics". The Lune has only a single 
warning and thus the R-squared cannot be calculated. 
 
 
 
 
 
Figure 5.4.2  Pivot table for statistics of forecasts. The Lune has only one warning so for this 
site this table simply reports the observed values. The standard deviation cannot be calculated 
for the Lune, so this cell is blank. 
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 Figure 5.4.3  Pivot table for statistics of observations. The Lune has only one warning so for 
this site this table simply reports the observed values. 
 
 
 
Figure 5.4.4  Pivot table for comparison of forecasts. This table shows the result of comparing 
the naive forecast with the Heavy Rainfall Warning forecast. The entry for the Lune is blank 
as it is not possible to calculate the comparison statistics with only 1 warning. 
 
 
 
 
5.5 Charts 
The method of generating charts from pivot tables depends on the version of Excel used. Generation 
of charts in Excel 97 is described in Section 5.5.1 and generation of charts in Excel 2000/2002 is 
described in Section 5.5.. 
 
5.5.1 Charts in Excel 97 
In Excel 97, the process of generating a chart from a pivot table is the same as generating a chart 
from any other table of data. Figure 5.5.1 illustrates an example of a chart being generated for the 
CSI Skill Score. To simplify the appearance of the charts generated, it is advisable to select just a 
single performance measure or summary statistic to be displayed in the chart. The most 
recommended chart type to use is the Column chart type, subtype 1.  
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Step 1. With the threshold and forecast columns for a single Skill Score selected, choose 
"Chart" from the "Insert" menu. 
 
Step 2.  Select the Column chart sub-type 1 and click Next. 
 
 
Figure 5.5.1   Generation of a chart from a pivot table in Excel 97 
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Step 3.  Remove "Threshold" as a series since this should instead form the x-values. 
 
 
Step 4.  Specify the x-values for the first true series by selecting the range of threshold values 
on the worksheet. 
 
Figure 5.5.1 cont'   Generation of a chart from a pivot table in Excel 97 
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Step 5. Add an appropriate x-axis label and title.  
 
 
 
Step 6. Embed the chart in the Skill Score Summary worksheet. 
 
 
Figure 5.5.1 cont'   Generation of a chart from a pivot table in Excel 97 
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5.5.2 Charts in Excel 2000/2002 
Figures 5.5.2 (a) and (b) illustrate the process of generating a chart from a pivot table in Excel 
2000/2002. The chart is generated automatically by clicking the chart button on the pivot table 
toolbar. The most suitable chart type to use is the Column chart type, subtype 1. You may wish to 
remove some items from the pivot chart to make it easier to view. Note however that the chart and 
table are linked so items removed from the chart are also removed from the table! These items can 
be put back by dragging the name from PivotTable Field List to the data area of the chart (Excel 
2002) or dragging the names onto the data area from the Pivot Table Toolbar (Excel 2000). Note 
that when items are added to the pivot table, Excel may carry out some undesirable reformatting of 
the names and numbers displayed. See the Excel online help on pivot tables for more information. 
 
 
Step 1. With the top left cell of the pivot table activated, click the Chart Wizard button on the 
PivotTable toolbar. A chart is automatically created on a new worksheet. For Steps 2 and 3 
see Figure 5.5.2. 
 
 
 
 
Figure 5.5.2 (a) Generation of a pivot chart in Excel 2000 
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Step 1. With the top left cell of the pivot table activated, click the Chart Wizard button on the 
PivotTable toolbar. A chart is automatically created on a new worksheet. 
 
 
 
 
Step 2. Reformat the chart as required. To change the chart to a more suitable chart type, 
select Chart | Chart Type, and choose the Column chart sub-type 1. 
You may also wish to embed the chart in the pivot table worksheet (Chart | Location). 
 
 
 
 
Figure 5.5.2 (b) Generation of a pivot chart in Excel 2002 
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Step 3. Add or remove fields from the chart using the Data drop down menu. You may need 
to adjust the Y-axis once you have done this. 
 
 
 
Figure 5.5.2 (b) cont'  Generation of a pivot chart in Excel 2002 
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6 Guide to Performance Measures 
 
An overview of the performance measures and statistics generated by the HRW Assessment Tool is 
given in Table 6 (a). The table gives a desciption of each statistic and its location in the Results 
Workbook. The individual performance measures along with a brief description of each are given in 
Table 6 (b). 
 
Section 6.1 presents a basic guide to assessment, covering the choice of ground-truth, comparative 
forecasts and routine for assessment. Section 6.2 contains a guide to a selection of the most 
commonly used performance measures with examples for each. Section 6.3 contains an overview of 
the performance measures not covered in Section 6.2. A guide to comparing different sources of 
forecasts and ground-truths is presented in Section 6.4. 
 
Table 6(a)  Overview of statistics generated by the HRW Assessment Tool 
 
 
Type of Statistic 
 
Configuration 
Name 
 
 
Details 
 
Results Table 
Sheet Name 
 
Summary Sheet 
Name 
Statistics of 
observations 
Mean, median and 
standard deviation 
of observations. 
Stats Obs StatsObsSummary Basic statistics of  
observation and 
forecast values Statistics of 
forecasts 
Mean, median and 
standard deviation 
of forecasts. 
Stats Fcsts StatsFcstsSummary 
Typical size of 
error 
Mean absolute 
error and root 
mean square 
error. 
Relative 
Performance 
Measures 
Bias Mean, median and percentage errors. 
Non-continuous 
Performance 
Measures 
Efficiency R2 statistic. 
Performance 
Statistics PerformanceSummary 
Categorical 
Performance 
Measures 
Skill Scores 
Categorical 
performance 
measures 
Skill Scores SkillScoresSummary 
Performance 
Measures for 
comparison of 
forecasts 
Compare forecasts 
Standardised 
differences of 
Typical size of 
error measures 
across different 
forecasts. 
Cmp Forecasts CmpFcstsSummary 
Performance 
Measures for 
comparison of 
observations 
Compare ground-
truths 
Standardised 
differences of 
Typical size of 
error measures 
across different 
ground-truths. 
Cmp G truths CmpGSummary 
Performance 
Measure for 
Probability 
Forecasts 
Brier Score 
(Probability) 
Continuous Brier 
Score for 
probability 
forecasts. 
Brier Score BrierSummary 
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Table 6(b) Overview of performance measures 
 
  
Continuous variable: 
 
Bias (mean error) over- or under-estimation 
Median error over- or under-estimation 
Mean absolute error typical size of error 
Root mean square error typical size of error 
R2 (Efficiency) size of error relative to a naive forecast (equal to the mean) 
% Error in maximum obs size of error for the “biggest” event 
  
Categorical variable: 
 
Critical Success Index balanced measure of forecast success 
False Alarm Rate emphasises events incorrectly forecasted 
Probability of Detection emphasises events correctly forecasted 
Bias Ratio too many or too few events forecasted 
Likelihood Ratios measure of information provided by having  forecast service, 
separately for events and non-events 
Odds Ratio overall measure of information provided by having forecast 
service 
  
Where probability forecasts are analysed: 
 
Brier Score error in probability terms 
Continuous Brier Score balanced measure of location and spread of forecasts relative to 
outcome 
 
6.1 Guide to Assessment of Heavy Rainfall Warnings 
 
The Tool’s assessment procedures for Heavy Rainfall Warnings are aimed at answering the basic 
question: 
 
 What is the typical size of error in rainfall forecasts, or rate of success in forecasting high 
rainfalls? 
 
The Tool can also be used to monitor changes in forecast performance over time. 
 
The Assessment Tool provides facilities for comparing forecasts from a number of sources using a 
number of different versions of ground-truth. In the following sections, we discuss the selection of 
target quantities and of suitable forecasts and ground-truths. 
 
6.1.1 Selecting Target Quantities for Assessment  
 
Use of the HRW Assessment Tool requires that the target quantities for the forecasts can be 
properly identified, so that suitable ground-truths can be selected, evaluated by the user and entered 
into the Tool. Target quantities should normally be chosen to make best use of the information 
given in warnings, and are therefore usually tailored to the local type of warning. If more than one 
type of information is provided on the warning, then there should normally be one target quantity to 
match each piece of information provided within a warning.  
 
The target quantity of a forecast may be an average for an area, or a maximum within an area. 
Similarly, the target may be a total rainfall for a time-period (or equivalently an average rate over a 
time-period), or a maximum rate within a time period. Thus, typical examples of target quantities 
would be maximum rainfall accumulation, mean rainfall accumulation and maximum rainfall rate.  
 32 
 
Where the target quantities relate to “maxima”, difficulties arise over defining this concept in a way 
that gives a meaningful value, taking into account the effect of using data of differing spatial or 
temporal resolution. There can also be questions over defining a “typical” rainfall value if the 
average value (specifically the mean value) is not quite what is required.  
 
Examples of selection of target quantities based on representative types of warnings are given in 
Section 7. 
 
6.1.2 Selecting and Determining Ground-truths for Assessment  
 
For each target quantity, suitable ground-truth values need to collected. Typically these will be 
radar data and/or raingauge network data.  
 
If ground-truth is obtained from a raingauge network, then these data should be adequately quality-
controlled. Procedures for simple inter-gauge comparisons are required. Values of ground-truth 
should be prepared according to whatever interpretation of “ground-truth” is acceptable, bearing in 
mind any discussions between the Met Office and the Environment Agency concerning what targets 
of the forecast should be. For merged radar-raingauge products the possible effects of incorrect 
raingauge data having been used would need to be considered. 
 
In principle, merging of information from raingauge networks and weather radar should be the best 
source of ground-truth but this is problematic at present. Spatial averages may be adequately 
estimated by raingauges alone, by (adjusted) radar alone, or by use of a fully merged product. 
Theoretically, spatial maxima would be best estimated using radar data because of the higher spatial 
resolution, but experience has shown that forecasts of maxima may be better matched to the 
maxima obtained from a raingauge network. 
 
The Nimrod “merged” product does not yet exist to provide experience on which advice can be 
based and the Nimrod “Quality Controlled” product is still undergoing changes and development. 
The suitability of locally-archived Nimrod data for post-event analyses has not yet been assessed: 
there may be a need for post-event quality control of Nimrod data. Similar problems arise for other 
radar-raingauge products constructed for real-time use.  
 
Note that the time period used to calculate the ground-truths should be selected to match the time 
period given in the warning. The examples shown in Section 7 below contain examples of how the 
period of the event should be estimated from various forms of warning. Section 7 also gives 
examples of the practical selection and use of ground-truths. Similarly the level of spatial averaging 
should be tailored as closely as possible to the target quantities. 
 
6.1.3 Selecting Forecasts 
 
The primary forecast(s) will usually be obtained from the operational Heavy Rainfall Warnings. 
However, in order to assess how good an operation warning is, the forecast can be compared against 
selected naive forecasts. Naive forecasts are generally constructed according to simple rules, and 
they provide a performance baseline. One naive forecast is to only ever forecast a fixed amount, say 
20mm. In this case, we would construct a forecast that was for 20mm whenever a warning is issued. 
Use of this naive forecast allows comparison of whether the operation forecast values are better or 
worse than the much simpler naive forecast. Another common naive forecast can be constructed by 
forecasting an amount which is proportional to the length of the event (as contained in the Heavy 
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Rainfall Warning). For example, one could forecast at a rate of 2mm/hr for the duration of the 
event, so for a 9 hour event, we forecast 18mm.  
 
The aim of naive forecasts is really to allow assessment of the performance of operational warnings. 
If operational warnings do no better than naive forecasts, then we can conclude that the operational 
warnings are not doing particularly well and it might be appropriate to make allowance for this 
when interpreting warnings. 
 
Selection of the actual values at which to set the naive values will depend on what issues are of 
interest. If rainfall warnings are triggered at a certain rainfall value, then this might make an 
appropriate choice of naive forecast. If the naive forecasts are set very low, or very high, then the 
HRW Tool results are unlikely to be very useful as they are likely to simply show very poor 
performance. The HRW tool allows for a range of constant naive forecasts to be tested, so given 
sufficient data, one could compare naive forecasts and determine which gives the best performance. 
 
Examples of selection and calculation of naive forecasts in relation to specific warnings are given in 
Section 7. 
 
A further type of forecast is used by the HRW Tool when assessing Skill Scores: this is the 
climatology forecast. The climatology forecast aims to mimic the characteristics of the observations 
in terms of the frequency of different sized events, but with random timing. Thus it contains the 
same number of exceedances and non-exceedances of the selected threshold as the observed data, 
but the timing of these exceedances/ non-exceedances is random. The climatology forecast is 
included because any reasonable forecast should outperform the climatology forecast. 
 
 
6.1.4 Practicalities and limitations of using the Assessment Tool 
 
The interpretation of individual Heavy Rainfall Warnings for use within the Tool can be 
problematic where the Warnings do not have a fixed structure. The Tool requires matched sets of 
forecast amounts or rates and corresponding ground-truths, which, in principle, requires that the 
Warnings be interpreted as providing quantitative forecasts for specific areas and specific time-
periods. If there are missing values amongst the ground-truths and forecast values for a warning at 
particular site, then this warning will be excluded from the analysis. It is necessary to exclude 
warnings with missing values because cross-comparison between different forecasts and ground-
truths could otherwise easily give very misleading results. Note particularly that because missing 
values will lead to data from a warning being excluded, it is important to balance the desire to 
compare different ground-truths and forecasts, against the desire to make the most use of the 
available data. In general it is not sensible to include extra ground-truths or forecasts if there are 
several missing values. If it is necessary to use a ground-truth or forecast that contains several 
missing values, it may be best to exclude them from the main analysis and then to carry out a 
separate analysis in which they are included. 
 
The HRW Assessment Tool is designed for the situation where entry of all data required will be 
accomplished manually. This has affected the choice of assessment procedures, leading to the 
adoption of a forecast-by-forecast based assessment procedure. This means that the Tool’s 
assessment procedure measures how well the forecasts of rainfall contained in the Warnings 
perform in matching the eventual outcomes. The HRW Tool and methods are only designed to 
handle analysis of warnings that have been issued. In particular, the procedures used by the tool do 
not allow for assessment of non-issued (missed) warnings: it would require a different approach 
(e.g. continuous assessment) and would need substantially more data than can be handled 
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conveniently using manual data-entry. More detail on the choice of methodology and assessment 
proceedures can be found in the technical report on which the HRW Tool is based (Jones et al., 
2003). 
 
Note also that when using Skill Scores, use of a comparison threshold that is too close to the ends of 
the range of values occurring or forecast will not give useful results. A consequence of this is that 
you cannot use the Tool to assess the performance of Warnings against the threshold level criteria 
used for their issue. The Skill Scores analysis is most useful for assessing threshold levels where the 
chance of a warning being missed at this level is small. In practice, warnings should not often be 
missed because even if a HRW is not forecast in advance, it will usually be issued after the start of 
an event. If a user chooses thresholds of reasonable size somewhere in the middle of the range of 
observed and forecast values, this should provide useful information about the skill of the forecasts 
particularly when compared with the naïve and climatology forecasts.  
 
Many of the assessment statistics are not applicable to the single warning case, and only a limited 
amount of information will be produced in such cases. In particular, skill scores and forecast / 
ground-truth comparisons cannot be provided for the single site case. Note that where it is not 
possible to calculate a statistic because only a single warning is available, then the pivot tables will 
show a blank entry for this statistic. 
 
The Tool is primarily designed for use where there are multiple warnings available. As described 
above, single warnings do not provide a useful basis for comparison of forecasts. The more 
warnings there are the better the basis for comparison. As a very rough practical guide, 5 or more 
warnings should be considered the minimum for informed comparison.  
 
 
 
 
6.2 Guide to Performance Measures, Part 1 
6.2.1 Example 
For the purposes of illustrating the performance measures, the example below has been used. 
 
A set of 5 forecast Heavy Rainfall Warnings of the Spatial Maximum Accumulation (mm) are to be 
assessed for Northeast Region South Pennines Area. Radar data (Nimrod QC 2km) have been 
selected to provide the ground-truth. Radar has the potential to provide a better spatial maximum 
rainfall estimate than use of data from a raingauge network. (Note that this may not be the case in 
practice due to problems with radar rainfall estimation.) The values concerned are tabulated below. 
 
Table 6.1 Example data for illustrating performance measure and skill scores 
Start Time/Date Forecast HRW Ground-truth Radar 
15:00 29-Jul-02 30 189.88 
15:00 30-Jul-02 60 102.78 
03:00 1-Aug-02 60 46.47 
08:00 4-Aug-02 15 34.09 
06:00 9-Aug-02 30 51.88 
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6.2.2 Guide to Notation 
iy  is the observed (ground-truth) value of rainfall for sample i (i=1,2..., n). 
iyˆ  is the forecast value of rainfall for sample i. 
Summation operator, ∑  
n
n
i
ii yyyyy +++=≡ ∑∑
=
...21
1
 
 
Example: Mean of (n=5) radar observations 
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5
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= 0.2 (189.88+102.78+46.47+34.09+51.88) = 85.02 mm 
 
 
6.2.3 Continuous Performance Measures 
 
The performance measures that are describe in this section  are presented on the performance 
measures summary sheet. An example of performance measures output for the data shown in Table 
6.1 is presented in Figure 6.2. 
 
 
Figure 6.2  The performance measure summary sheet for the data presented in Table 6.1. The 
HRW forecast column shows the performance statistics based on the Heavy Rainfall 
Warnings data. A constant naive forecast of 50mm is also shown. 
 
 
Bias (mean error) 
 
Mean of the rainfall forecast errors. 
 
)ˆ(1∑ −= − ii yynbias
 
 
Use: Indicates over-estimation (negative) or under-estimation (positive) of rainfall forecast. 
 
Example: Bias of Heavy Rainfall Warning forecasts 
 
Forecast errors, ii yy ˆ− , are: 159.88, 42.78, -13.53, 19.09, 21.88. 
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)ˆ(1∑ −= − ii yynbias = 0.2 (159.88+42.78-13.53+19.09+21.88) = 46.02 mm 
This indicates that  forecasts typically underestimate by 46 mm. 
 
Median error bias 
 
Median of the rainfall forecast errors. 
 
50% point of errors 
 
Use: Indicates over-estimation (negative) or under-estimation (positive) of rainfall forecast. 
 
Example: Median error of Heavy Rainfall Warning forecasts 
 
Forecast errors, ii yy ˆ− , ranked in order of size are: 159.88, 42.78, 21.88, 19.09, -13.53 
The Median Error is given by the 50% point of errors, which is 21.88 mm. 
 
This indicates forecast underestimation by 22 mm, whilst mean error bias is 46 mm. 
The median error as a measure of bias is more robust to outliers than the mean error, giving a more 
typical bias value in this case. 
Mean absolute error 
 
Mean of the absolute values of the rainfall forecast errors. 
 
∑ −= − ii yynmae ˆ1  
 
Use: Typical size of rainfall forecast error. 
 
Example: Mean absolute error of Heavy Rainfall Warning forecasts 
 
Absolute value of forecast errors, ii yy ˆ− , are: 159.88, 42.78, 13.53, 19.09, 21.88. 
∑ −= − ii yynmae ˆ1 = 0.2 (159.88+42.78+13.53+19.09+21.88) = 51.432 mm. 
Root mean square error 
 
Square root of the mean of the squared rainfall forecast errors. 
 
∑ −= − 21 )ˆ( ii yynrmse  
 
Use: Typical size of rainfall forecast error. 
 
Example: Root Mean Square Error of Heavy Rainfall Warning forecasts 
 
Square of forecast errors, 2)ˆ( ii yy − , are: 25562, 1830, 183, 364, 479. 
∑ −= − 21 )ˆ( ii yynrmse = √{0.2 (25562+1830+183+364+479)} = 75.39 mm. 
 
Compare the typical size of error given by mae of 51.432 mm with the rmse value of 75.39 mm. 
The rmse is more sensitive to outliers, as seen in this example where the value calculated is inflated 
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by taking the square of the single large error value of 159.88. The rmse is arguably less typical than 
the estimate provided by the mae estimator. 
 
Percentage error in Maximum observation  
 
The error in the largest observation, as a percentage. 
 
 
( )
max
maxmax
ˆ
100%
y
yy
error
−
=  
where maxy is the maximum observation, and maxyˆ  is the forecast value for this observation. 
 
Example: The maximum observation of the 5 Radar values is 189.88, and the corresponding 
forecast value is 30. Thus 
% error = 100 (189.88-30)/189.88 = 84.2% 
6.2.4 R2 Efficiency 
Proportion of variance in observations accounted for by forecast. 
 
∑
∑
−
−
−= 2
2
2
)(
)ˆ(
1
yy
yy
R
i
ii
 
∑−= iyny 1 is the sample mean of the observations 
 
Use: Size of error relative to a simple (sample mean) forecast (dimensionless) 
 
Example: R2 Efficiency of Heavy Rainfall Warning forecasts 
 
The sample mean of the radar observations has previously been calculated as y = 85.02 mm. 
The observed deviations from the mean, yyi − , are: 104.86, 17.76, -38.55, -50.93,-33.14. 
The sum of squares of these deviations is 
∑ − 2)( yyi = 10996+315+1486+2594+1098 = 16489. 
The term∑ − 2)ˆ( ii yy is obtained from the rmse value of 75.39 previously calculated, by squaring 
and multiplying by 5 to give 28418. Then: 
∑
∑
−
−
−= 2
2
2
)(
)ˆ(
1
yy
yy
R
i
ii
= 1 - (28418/16489) = -0.72. 
An R2 of 1 indicates that we have a perfect forecast, and an R2 of 0 means that we would do just as 
well if we had used a naive constant forecast that always predicted the mean value (note that this 
naive forecast is not practical because the mean of the radar observations is not known in advance).  
A negative R2 means that the forecast is doing worse than the mean, so is a poor forecast.  
 
6.2.5 Categorical Skill Scores 
Categorical skill scores can be used to provide information about how well forecasts perform for 
different sizes of rainfall event. For example, we might find that events bigger than 20mm are well 
forecast, but events larger than 50mm are not well forecast. The Skill Scores are defined from 
information contained in a Contingency Table constructed from a set of forecasts and observations 
provided for assessment. This Contingency Table is defined below. 
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Contingency table: 
 
Event Observed Event 
Forecast Yes No Total 
Yes a hit 
b 
false alarm a+b 
No c 
miss 
d 
correct rejection c+d 
Total a+c b+d n=a+b+c
+d 
 
An Event is defined as an exceedence of a rainfall threshold value. 
 
a, b, c and d are the number of entries in each Event category for n rainfall forecasts and their 
corresponding observations. 
 
If forecasts are provided in terms of probability tables, then the HRW Tool requires that the skill 
thresholds should be the same as the probability table levels. If forecasts are for a particular quantity 
then the thresholds are normally selected to cover a range of event sizes (ranging from small to 
large; see Section 7.1 below). 
 
Example: The performance of the Heavy Rainfall Warning forecast in warning of rainfall events in 
excess of 49 mm is to be assessed for the data listed in Table 6.1. 
 
The Contingency Table for this rainfall event threshold and tabulated set of rainfall values is readily 
calculated as: 
 
 
Event Observed Event 
Forecast Yes No Total 
Yes 1 hit 
1 
false alarm 2 
No 2 
miss 
1 
correct rejection 3 
Total 3 2 5 
 
This indicates that there are 3 observed events exceeding the 49 mm threshold, of which 1 is 
correctly forecast (a hit) and 2 are missed, whilst there is 1 false alarm and 1 correct rejection of an 
event. 
The Skill Scores calculated for the above example are shown in Figure 6.3, illustrating how the 
results are presented on the skill scores summary worksheet. Each skill score is described below 
including its calculation and interpretation. 
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Figure 6.3. Skill scores summary data for the data presented in Table 6.2. The HRW column 
shows the result based on the predictions contained in the warnings. The climatology column 
shows the results when a randomized forecast is made for which there are the same number of 
values above and below the threshold as for the observed data (Section 6.1.3). The “const 
50mm” column shows the results for a naive forecast of 50mm. Blank entries indicate that it is 
not possible to calculate a particular statistic for the given forecast. For this particular dataset 
the HRW performs quite poorly – overall it is outperformed by the other 2 forecast types. 
 
 
Critical Success Index (Threat Score), CSI 
 
Number correct (hits) divided by number forecast and/or observed (the threat: a+b+c) 
 
cba
aCSI
++
=  
 
Use: Balanced measure of forecast success. 
 
Example: CSI performance of the Heavy Rainfall Warning forecast in warning of rainfall events in 
excess of 49 mm is to be assessed. Using the Contingency Table entries gives: 
25.0
211
1
=
++
=
++
=
cba
aCSI . 
 
A CSI of 1 would mean the forecast is doing very well, while a score of 0 indicates that the forecast 
is not detecting anything correctly. A value of 0.25 indicates that the forecast is under-detecting 
events. 
 
False Alarm Rate, FAR 
 
Proportion of forecast events that fail to materialise. 
 
ba
bFAR
+
=  
 
Use: Emphasises events incorrectly forecasted. 
 
Example: FAR performance of the Heavy Rainfall Warning forecast in warning of rainfall events in 
excess of 49 mm is to be assessed. Using the Contingency Table entries gives: 
5.0
11
1
=
+
=
+
=
ba
bFAR . 
This can be interpreted as saying that about half of the forecast events fail to materialize. 
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Probability of Detection (Hit Rate for observed ‘yes’), POD 
 
Proportion of occasions when an event does occur that are forecasted to experience the event. 
 
ca
aPOD
+
=
 
 
Use: Emphasises events correctly forecasted. 
 
Example: POD performance of the Heavy Rainfall Warning forecast in warning of rainfall events in 
excess of 49 mm is to be assessed. Using the Contingency Table entries gives: 
33.0
21
1
=
+
=
+
=
ca
aPOD . 
In other words, we correctly forecast 1 in 3 events. 
 
 
Bias Ratio, B 
 
Ratio of “yes” forecasts with “yes” observations. 
 
ca
baB
+
+
=  
 
Use: Indicates too many (greater than 1) or too few events (less than 1) forecasted. 
 
Example: Bias Ratio performance of the Heavy Rainfall Warning forecast in warning of rainfall 
events in excess of 49 mm is to be assessed. Using the Contingency Table entries gives: 
67.0
21
11
=
+
+
=
+
+
=
ca
baB . 
This shows that we are tending to under-forecast. 
 
In summary, the Skill Scores are: CSI=0.25, FAR=0.5, POD=0.33 and B=0.67. Thus there is a 
tendency to under-forecast, with a Bias Ratio B less than 1 and a low False Alarm Rate. 
 
 
6.3 Guide to Performance Measures, Part 2 
 
The results of the example calculations described below are also presented in Figure 6.3 
6.3.1 Relative Categorical Skill Scores  
Likelihood Ratios, LR1and LR2 
 
LR2 is the Likelihood Ratio for correct forecast of an event. 
)(
)(
2
cab
dbaLR
+
+
=  
The chance of forecasting that an event will occur when that event does happen is LR2 of the chance 
of forecasting the event will occur when it actually does not. 
 
LR1 is the Likelihood Ratio for correct forecast of a non-event. 
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1 dbc
cadLR
+
+
=  
The chance of forecasting that an event will not occur when that event does not happen is LR1 of the 
chance of forecasting the event will not occur when it actually does happen. 
 
A good forecast service will have Likelihood Ratios greater than 1. 
 
Use: Measure of information provided by having forecast service, separately for events and non-
events 
 
Example: Likelihood Ratio performance of the Heavy Rainfall Warning forecast in warning of 
rainfall events in excess of 49 mm is to be assessed. Using the Contingency Table entries gives: 
67.0)21(1
)11(1
)(
)(
2 =+
+
=
+
+
=
cab
dbaLR . 
The chance of forecasting that the event will occur when the event does happen is 2/3 of the chance 
of forecasting the event will occur when it actually does not. 
 
75.0)11(2
)21(1
)(
)(
1 =+
+
=
+
+
=
dbc
cadLR . 
The chance of forecasting that the event will not occur when the event does not happen is 3/4 of the 
chance of forecasting the event will not occur when it actually does happen. 
 
We can conclude that for this example, the forecasting is not doing particularly well because the 
likelihood ratio is less than 1. 
 
Odds Ratio, θ  
 
Compares the conditional odds of making a good forecast (a hit) to those of a bad forecast (a false 
detection). 
 
The odds (or risk) Ω  of an event is the ratio of the probability p of it occurring to it not occurring, 
1-p, and so pp −=Ω 1/ . 
 
21LRLRbc
ad
==θ . 
 
Odds of an observed event being correctly forecast is the Odds Ratio times the odds of a no-event 
being forecast as an event. 
 
Use: Overall measure of information provided by having forecast service. 
 
Example: Odds Ratio performance of the Heavy Rainfall Warning forecast in warning of rainfall 
events in excess of 49 mm is to be assessed. Using the Contingency Table entries gives: 
5.0
21
11
=
×
×
==
bc
adθ . 
Alternatively, the product of the two Likelihood Ratios, 0.67 times 0.75, gives the same result. 
 
Thus, the odds of an observed event being correctly forecast is half the odds of a no-event being 
forecast as an event. A good forecast service has an Odds Ratio greater than 1. 
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For this example, an odds ratio of 0.5 suggests that the forecasting is not doing particularly well 
because the odds ratio is less than 1. 
 
6.3.2 Skill Scores for Probability Forecasts 
Brier Score (Categorical) 
 
Mean square probability error. 
 
∑ −= − 21 )ˆ( ii YYnBS  
iY  indicator of event xyi ≤ in the observed sample,  
 equal to 1 if event xyi ≤ does occur, 0 if not 
iYˆ  probability of event xyi ≤ occurring , 
 as stated in the probability forecast, value in the range 0 to 1 
 
Here iy  is the observed value of sample i (i=1,2..., n), and x is a threshold value defining the 
categories of event-occurrence or non-occurrence 
 
Use: Typical size of error in probability terms. 
 
Brier Score (Continuous) 
 
Integrated mean square probability error. 
 
∑∫ −=
− dxxYxYnBS ii 21 ))(ˆ)((  
 
iY (x) indicator of event xyi ≤ in the observed sample, 
 equal to 1 if event xyi ≤ does occur, 0 if not 
iYˆ (x) probability of event xyi ≤ occurring, 
 as stated in the probability forecast, value in the range 0 to 1 
 
Here iy  is the observed value of sample i (i=1,2..., n), and x is a variable threshold value covering 
all possible values of rainfall amount or rate. 
 
Use: Balanced measure of location and spread of rainfall forecasts relative to outcome. 
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6.4 Guide to Making Comparisons with the HRW Assessment Tool 
 
6.4.1 Guide to Comparing Forecast Sources 
 
The value of naive forecasts for comparison against the operational forecasts was indicated in 
Section 6.1. Good operational forecasts should out-perform naive forecasts. This leads to the 
question of comparing the performances of forecasts from different sources. When sample sizes are 
small, or when there is little difference in performance, any apparent difference may be due entirely 
to chance. The standardised difference of a performance measure for two forecast sources is used to 
indicate the extent of evidence that one source of forecasts is better than another. 
 
The standardised difference is available for performance measures of the basic form 
 ∑−= ),(1 forecastoutcomegnP  
where n is the number of forecasts assessed and g(.,.) is some error function of the forecast and 
outcome (ground-truth) values (for example, the forecast error squared for rmse-type performance 
measures). 
 
Then the difference in the performance measures for two sources is the average value of the 
differences 
 ),(),( )2()1( forecastoutcomegforecastoutcomegxi −= . 
One forecast is better than another if the long-run average of the ix ’s is different from zero. The 
evidence for or against one source being better than another can be quantified by the value of the 
standardised difference, t , where 
 
averagerun -long estimatingin  s' ofmean  oferror  typical
s' ofmean 
i
i
x
x
t = . 
The standardised difference, t, is evaluated from the sample mean, x , and sample variance, 2s , of 
the differences, ix , as follows: 
 ∑−= ixnx 1  
 
{ }212 )1( ∑ −−= − xxns i  
 
21sn
x
t
−
= . 
 
The standardised difference should be compared against the following suggested limits to assess 
whether there is reasonably strong evidence that one forecast source is better than another: 
  ±2   if sample size n is large 
  ±2.1   if sample size n =20 
  ±2.5   if sample size n =10 
  ±3.5   if sample size n =5. 
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6.4.2 Guide to Comparing Ground-truths 
 
There are often several different ways in which ground-truth for rainfall quantities can be 
determined, particularly where the targets of rainfall forecasts is unclear. The HRW Assessment 
Tool can be used to make a comparison of ground-truths with the aim of assessing whether  the 
forecasts are better matched to one version of ground-truth than another. The method for doing this 
is rather similar to comparing different sources of forecasts (Section 6.4.1), and a full account is not 
given here. Once again a standardised difference approach can be used for some types of 
performance measure. 
 
The standardised difference is available for performance measures of the basic form 
 ∑−= ),(1 forecastoutcomegnP . 
Then the difference in the performance measures for two gound-truths is the average value of the 
differences 
 ),(),( )2()1( forecastoutcomegforecastoutcomegxi −= . 
Then the procedure for treating these ix ’s is exactly the same as in Section 6.4.1. 
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7  Example Assessments 
 
This section gives 3 examples of how to set up the data required for warning assessments. The 
warnings and ground-truth data are provided below. The data and comments provided below 
correspond to the example workbooks provided on the CD as part of the HRW-Tool. 
 
The examples are deliberately selected from specific Environment Agency regions. This allows 
illustration of the practical issues in interpretation of the data presented in typical warnings. The 
regions used here are intended to provide a representative selection of the different types of warning 
that are available. Users should be able to apply the principles to their own region.  
7.1 Northeast Region 
 
The following example is treated in 2 parts, with 3 initial warnings (part 1), and then a further 
warning in Part 2. 
 
Users may wish to refer to the following example spreadsheets: 
HRW__NE_1_ConfigPart1.xls – shows the configuration, 
HRW__NE_2_DataPart1.xls  - shows the configuration plus the data for the first 3 warnings, 
HRW__NE_4_Datapart2.xls – shows the configuration plus the data for the final warning. 
These workbooks demonstrate how the data from the warnings and the ground-truths have been 
translated into the worksheets. 
 
7.1.1 Heavy Rainfall Warnings 
 
Part 1: 29 -31 July 2002 
 
The Heavy Rainfall Warnings issued in Part 1 of the assessment period are given below. 
 
In order to configure that data sheet, it is necessary to decide on appropriate target quantities and 
ground-truths, and to select appropriate forecasts for comparison. 
 
First we consider what the target quantities should be. We note that the first 2 warnings give 
possible local totals (30mm and 60mm). This suggests that a spatial maximum accumulation would 
be an appropriate target quantity. Warning 3 provides 2 quantities.  Here, we interpret the total 
(40mm) as a spatial mean accumulation, and the “exceptionally 60mm” as a spatial maximum 
accumulation.  The spatial mean accumulation provides a second target quantity to be evaluated. 
 
Appropriate ground-truths for (i) the spatial maximum accumulation are maximum radar and 
maximum raingauge values, and for (ii) the spatial mean accumulation are the mean radar and mean 
raingauge totals for the spatial mean rainfall. The values of these are given in 7.1.2. 
 
The warnings provide a HRW forecast value. We choose to compare these warnings with 2 naive 
forecasts, one of constant value, one of constant rate. A constant prediction of 20mm is selected as 
the first naïve forecast. An alternative naive forecast is chosen to correspond to rainfall falling at a 
constant rate of 2mm/hr over the period of the event. The choice of values of 20mm and 2mm/hr is 
relatively arbitrary and was selected so as to give a reasonable comparison with the HRW forecasts. 
If the naive forecasts are set very low, or very high, then the results are unlikely to be very useful. 
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For this example, calculation of skill scores is desired. This requires selection of a number of 
thresholds. In this case we choose a range of thresholds that vary from small to large events. The 
thresholds are set at 14, 29, 39, 49, 59. They are set to just below typical storm sizes (eg just below 
40mm) in order that a 40mm event is included in the >39 threshold band. The actual selection of 
values is relatively arbitrary, but covers both relatively small and relatively large events. 
 
 
Note that the Northeast weather warnings apply to the following 7 areas: Central & N. Pennines, 
Cheviot, Moors, N.E. Coast, S. Pennines, Vales & Wolds and W. Pennines. 
 
 
 
Warning 1 
 
 
 
The following information is extracted from this warning. The start time is 15:00 29 July, and the 
end time is 15:00 30 July, i.e. 24 hours later. The HRW forecast of spatial maximum rainfall is 
30mm: this applies to the 4 areas listed. The naive 20mm constant forecast is 20mm, and the naive 
2mm/hr constant rate forecast is 48mm as the event lasts 24 hours. 
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Warning 2 
 
 
 
This warning is interpreted similarly to the first warning.  It is taken to apply to 5 regions (ie not 
Northeast coast or Cheviot).  
 
 
Warning 3 
 
 
 
The following information is extracted from Warning 3. The start time is 03:00 1 August, and the 
end time is 03:00 2 August, i.e. 24 hours later. The HRW forecast of spatial maximum rainfall is 
60mm and of spatial mean rainfall is 40mm: this applies to all 6 areas.  
 
The naive 20mm constant forecast is 20mm and the naive 2mm/hr constant rate forecast is 48mm as 
the event last 24 hours. The naive forecasts are the same for both target quantities. 
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Part 2: 1 August 2002 
 
The Heavy Rainfall Warning issued in part 2 of the assessment period is given below. 
 
 
 
 
For this warning, a range of values is provided. Here, we assume that the upper value (30mm) is 
equivalent to a spatial maximum rainfall, and decide not to use the lower (15mm) value. This 
interpretation is subjective. The warning states that the duration of the event is for 12 hours. The 4 
regions Moors, Vales and Wold, Central and North Pennines and West Pennines are initially 
affected. So for these catchments, the start time is set to the start of the warning (06:00 2 August) 
and the end to 18:00 2 August. For NE Coast and Cheviot, the start time is taken to be midday 
(12:00) and the end time is set to 12 hours later.  
 
 
7.1.2 Ground-truth 
The radar and raingauge ground-truth values for the period 29 July - 1 August are given in Table 
7.1.2. 
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Table 7.1.2  Ground-truth data for Northeast demonstration event. Only data used in the 
example workbook are included. 
 
 
Period Start Period End Area 
Maximum 
Raingauge 
(mm) 
Maximum 
Radar 
(mm) 
Mean 
Raingauge 
(mm) 
Mean 
Radar 
(mm) 
Central & N. Pennines 20.60 58.03   
Cheviot  20.32   
Moors 2.20 34.69   
N.E. Coast  50.13   
S. Pennines 35.80 189.88   
Vales & Wolds 16.20 196.66   
 
15:00 29 July  
 
15:00 30 July  
W. Pennines     
Central & N. Pennines 60.40 85.59   
Cheviot     
Moors 3.20 63.84   
N.E. Coast     
S. Pennines 68.80 102.78   
Vales & Wolds 33.80 83.25   
15:00 30 July  15:00 31 July 
W. Pennines 30.00 62.38   
Central & N. Pennines 37 54.38 21.9 17.16 
Cheviot 3.6  1.29 .0.89 
Moors 73.2 56.84 51.00 32.71 
N.E. Coast 37.2  12.53 6.32 
S. Pennines 33.2 46.47 27.63 19.31 
Vales & Wolds 51.8 56.84 30.37 17.64 
03:00 1 Aug 03:00 2 Aug 
W. Pennines 50 49.28 8.73 32.71 
Central & N. Pennines 38.80 24.47   
Cheviot     
Moors 24.40 17.00   
N.E. Coast     
S. Pennines     
Vales & Wolds 12.65 17.03   
06:00 2 Aug 18:00 2 Aug 
W. Pennines 29.20 26.28   
Central & N. Pennines     
Cheviot 34.60 25.30   
Moors     
N.E. Coast 13.80    
S. Pennines     
Vales & Wolds     
12:00 2 Aug 00:00 3 Aug 
W. Pennines     
 
 
Note that for some of the dates, there are rainfall data but not radar data. The HRW Tool does not 
process warnings unless the data are complete for a region. Thus, at any site, only the warnings with 
complete ground-truth information will be used in the calculations. 
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7.2 Northwest Region 
7.2.1 Heavy Rainfall Warnings 
The Heavy Rainfall Warnings issued between 31 January and 2 February 2002 are shown below. 
 
The basic type of information contained for this region’s warning is fairly similar to that of 
Northeast Region. We therefore select the same 2 target quantities, the spatial maximum 
accumulation, and the spatial mean accumulation, and use the same ground-truths and forecast 
types as in 7.1.1. 
 
The configuration and data for these warnings can be examined in the 
HRW__NW_1_ConfigAndData.xls workbook.  
 
 
Warning 1 
 
TO THE ENVIRONMENT AGENCY
FROM THE MET OFFICE (MANCHESTER)
ISSUED AT 0648
ON Thursday 31/01/2002
==================================================
CONFIRMATION COPY OF RAINFALL WARNING
==================================================
TEXT: Event A; Heavy rain from around 1100, will give up to 30mm
in areas 3,4 5 and 6.
CONFIDENCE LEVEL: 30%
VALID UNTIL: 2200
(C) CROWN COPYRIGHT 2002. ALL RIGHTS RESERVED.
 
 
The heavy rainfall value of 30mm is taken to be the spatial maximum accumulation. Only the start 
of the rainfall event is given (11:00 31 January). However the warning is given a “valid until” time 
(22:00) and this is used as the End time, thus giving the event a duration of 11 hours. The 20mm 
naive forecast is 20mm, and the 2mm/hr naive forecast is 2x11 = 22mm. Note that no use is made 
of the confidence level data. 
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Warning 2 
 
TO THE ENVIRONMENT AGENCY
FROM THE MET OFFICE (MANCHESTER)
ISSUED AT 2058
ON Thursday 31/01/2002
==================================================
CONFIRMATION COPY OF RAINFALL WARNING
==================================================
TEXT: Event A: Another period of heavy rain is expected to start
around 0600 on Friday. Totals of up to 40mm are likely in 6-9h, with
12h totals locally 50mm. Areas most at risk are 3,4,5,6,7.
CONFIDENCE LEVEL: 60%
VALID UNTIL: 01/1800
(C) CROWN COPYRIGHT 2002. ALL RIGHTS RESERVED.
 
 
Warning 2 contains 2 predictions which span different durations.  In order to deal with this, it is 
easiest to treat this warning as 2 separate warnings: one for an event of 40mm over 7.5h ( the mean 
of 6 and 9 hours) and one for an event of 50mm lasting 12 hours. The values are taken to refer to 
spatial maximum accumulations. 
 
Warning 3 
 
TO THE ENVIRONMENT AGENCY
FROM THE MET OFFICE (MANCHESTER)
ISSUED AT 2058
ON Friday 01/02/2002
==================================================
CONFIRMATION COPY OF RAINFALL WARNING
==================================================
TEXT: EVENT A. - 30mm of rain is likely in the next 12 hours in
exposed southwest facing catchments in Cumbria and North Lancashire.
Catchments at risk are 3,4,5,6 and 7.
10 to 15mm of rain is possible over remaining parts of Lancashire but
further south only 5 to 10 mm of rain is likely in the 12 hour
period.
CONFIDENCE LEVEL: 60 per cent.
VALID UNTIL: 020900
(C) CROWN COPYRIGHT 2002. ALL RIGHTS RESERVED.
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This warning refers to expected values of rainfall rather than maximum rainfalls and so is taken as a 
measure of the spatial mean accumulation. As we are working with mean rainfall, we use the 
average rainfall amount where a range is given, i.e. 12.5 ( = (10 +15)/2 ) mm, for  the remaining 
parts of Lancashire (Areas 8-10), and 7.5 mm for the Areas 11-15. The start time for this event is 
taken as 20:58 and the end time is 12 hours later. 
7.2.2 Ground-truth 
The radar and raingauge ground-truth values for the period 31 January - 2 February are given in 
Table 7.2.1. 
 
Table 7.2.2  Data for Northwest Region 31 Jan - 2 Feb 2002. Only data used in the example 
workbook are included. 
 
 
Period Start Period End Area 
Maximum 
Raingauge 
(mm) 
Maximum 
Radar 
(mm) 
Mean 
Raingauge 
(mm) 
Mean Radar 
 
(mm) 
West Lakes 47.4 45.1   
Upper Eden 45.2 40.3   
South Lakes (1) 54.5 53.9   
 
11:00 31 Jan  
 
12:00 31 Jan  
South Lakes (2) 19.2 51.6   
West Lakes 45.4 53.5   
Upper Eden 64 53.4   
South Lakes (1) 42.4 51   
South Lakes (2) 24 51   
06:00 1 Feb  13:30 1 Feb 
Lune 33.6 48   
West Lakes 52.2 61.9   
Upper Eden 67.2 61.2   
South Lakes (1) 47 61.2   
South Lakes (2) 24.4 55.2   
06:00 1 Feb 18:00 1 Feb 
Lune 34.8 50.9   
West Lakes   3.2625 6.11 
Upper Eden   9.05 13.3 
South Lakes (1)   1.75 4.7 
South Lakes (2)   2.4 6.9 
Lune   4.914 6.2 
Wyre   1.95 2.7 
Ribble   2.75 4.2 
Douglas   0.5 0.7 
Irwell   2.6 2.8 
Glaze, Sankey 
and Ditton / Alt 
and Crossens 
  0.06667 0.5 
Mersey   1.7846 2.8 
Weaver and 
Gowey   1.7429 2.1 
20:58 1 Feb 08:58 2 Feb 
Wirral   0.2 0.2 
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7.3 Thames Region 
7.3.1 Heavy Rainfall Warnings 
The quantitative elements of the Heavy Rainfall Warnings issued in July and August 2002 for 
Thames Region Northeast Area are shown below. 
 
This Area provides a typical example of where predictions are supplied as a probability table.  
 
The warnings refer to the point maximum of the rainfall, and to the point maximum rate. Suitable 
target quantities are thus the maximum rainfall accumulation and the maximum rainfall rate.  
 
For the maximum rainfall accumulation, the data supplied from the warning can be used to provide 
2 forecasts. The first is the “most likely point maximum” a single value. The second forecast is the 
“probability of rainfall amount” supplied in probability table form. Thus the configuration file needs 
to be set to indicate that this is the case and that there are 7 rainfall categories. Since Skill Scores 
are required to be calculated, it is necessary to specify the Skill thresholds. Whenever probability 
table data is available, the skill thresholds must be set to match the probability categories. Thus 7 
Skill thresholds are used: 0, 10, 20, 40, 60, 80 and100. 
 
Raingauge maxima can be determined for this region and are used as the ground-truth for this target 
quantity. 
 
For maximum rainfall accumulation,  two forecasts can again be extracted from the warnings: 
“most likely point max rate” and “probability of this rate”. The probability table categories and skill 
thresholdd are set up in a similar way as for the rainfall accumulation above. There are 2 available 
ground-truths for this target quantity: gauge maximum rate and radar maximum rate. 
 
When entering the warning data into the HRW Tool data tables, the probability tables and the most 
likely maximum values can be directly entered into the appropriate columns of the worksheet. The 
start and end times, are taken from the timing of the event and timing of maximum rate data i.e. for 
Warning 1 below, they are 17:00 29 July to 00:00 30 July for maximum rainfall accumulation and 
17:00 29 July to 22:00 29 July for maximum rainfall  rate. No use is made of the uncertainty in the 
timings information contained in the warning. Thus for calculation of ground-truths the period is 
simply taken to be defined by the start and end times given above. 
 
All the warnings below are processed in an identical manner. 
 
The configuration and data for these warnings can be examined in the workbook 
HRW__Thames_1_ConfigAndData.xls. 
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Warning 1 
 
EA  (Ref: MO34) 
Warning Issued on Monday, 29 July 2002 at 17:30 
 Heavy Rain Warning for EA Thames - Northeast Area 
From the Met Office London. Telephone 020 7204 7254 
 
Probability of Rainfall Amounts 
 
   Rainfall amounts (mm)     Probability of this amount at any location in the 
area 
                             (%) 
         > 0 - 10            80 
          10 - 20            50 
          20 - 40            20 
          40 - 60            10 
          60 - 80             
         80 - 100             
           100 +              
                              
Most likely point maximum    15 
Timing of event              17-00 
Uncertainty of timings       +2 
 
Probability of at least this Rainfall Rate 
 
 Rainfall rates (mm / hr)    Probability of this rate at any location in the 
area 
                             (%) 
             4               90 
            10               70 
            20               60 
            50               10 
                              
Most likely point max rate   20 
Time of max rate             17-22 
 
Valid from 1730 on Monday 29 July 2002 to 2400 on Monday 29 July 2002 
 
 
 
Warning 2 
 
EA  (Ref: MO34) 
Warning Issued on Tuesday, 30 July 2002 at 21:36 
 LWCHRWNE Heavy Rain Warning for EA Thames - Northeast Area 
From the Met Office London. Telephone 020 7204 7254 
 
Probability of Rainfall Amounts 
 
   Rainfall amounts (mm)     Probability of this amount at any location in the 
area 
                             (%) 
         > 0 - 10            100 
          10 - 20            80 
          20 - 40            60 
          40 - 60            20 
          60 - 80            10 
         80 - 100             
           100 +              
                              
Most likely point maximum    25 
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Timing of event              2130 to 0600 
Uncertainty of timings       +/-1 
 
Probability of at least this Rainfall Rate 
 
 Rainfall rates (mm / hr)    Probability of this rate at any location in the 
area 
                             (%) 
             4               100 
            10               100 
            20               60 
            50               20 
                              
Most likely point max rate   15 
Time of max rate             2130 to 2400 
 
Valid from 2130 on Tuesday 30 July 2002 to 0600 on Wednesday 31 July 2002 
 
Warning 3 
 
EA  (Ref: MO34) 
Warning Issued on Wednesday, 31 July 2002 at 06:16 
 LWCHRWNE Heavy Rain Warning for EA Thames - Northeast Area 
From the Met Office London. Telephone 020 7204 7254 
 
Probability of Rainfall Amounts 
 
   Rainfall amounts (mm)     Probability of this amount at any location in the 
area 
                             (%) 
         > 0 - 10            100 
          10 - 20            70 
          20 - 40            50 
          40 - 60            20 
          60 - 80            5 
         80 - 100             
           100 +              
                              
Most likely point maximum    25 
Timing of event              06-12 
Uncertainty of timings       +3 
 
Probability of at least this Rainfall Rate 
 
 Rainfall rates (mm / hr)    Probability of this rate at any location in the 
area 
                             (%) 
             4               90 
            10               70 
            20               50 
            50               20 
                              
Most likely point max rate   20 
Time of max rate             06-12 
 
Valid from 0600 on Wednesday 31 July 2002 to 1200 on Thursday 01 August 2002 
 
 
Warning 4 
 
EA  (Ref: MO34) 
Warning Issued on Wednesday, 31 July 2002 at 12:20 
 56 
 LWCHRWNE Heavy Rain Warning for EA Thames - Northeast Area 
From the Met Office London. Telephone 020 7204 7254 
 
Probability of Rainfall Amounts 
 
   Rainfall amounts (mm)     Probability of this amount at any location in the 
area 
                             (%) 
         > 0 - 10            90 
          10 - 20            50 
          20 - 40            20 
          40 - 60            5 
          60 - 80             
         80 - 100             
           100 +              
                              
Most likely point maximum    15 
Timing of event              12 to 24 
Uncertainty of timings       +/- 1 
 
Probability of at least this Rainfall Rate 
 
 Rainfall rates (mm / hr)    Probability of this rate at any location in the 
area 
                             (%) 
             4               90 
            10               60 
            20               20 
            50               5 
                              
Most likely point max rate   25 
Time of max rate             14 to 20 
 
Valid from 1200 on Wednesday 31 July 2002 to 2400 on Wednesday 31 July 2002 
 
 
 
 
Warning 5 
 
EA  (Ref: MO34) 
Warning Issued on Saturday, 03 August 2002 at 14:24 
 LWCHRWNE Heavy Rain Warning for EA Thames - Northeast Area 
From the Met Office London. Telephone 020 7204 7254 
 
Probability of Rainfall Amounts 
 
   Rainfall amounts (mm)     Probability of this amount at any location in the 
area 
                             (%) 
         > 0 - 10            80 
          10 - 20            40 
          20 - 40            10 
          40 - 60             
          60 - 80             
         80 - 100             
           100 +              
                              
Most likely point maximum    10 
Timing of event              16-21 
Uncertainty of timings       +/-1 
 
Probability of at least this Rainfall Rate 
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 Rainfall rates (mm / hr)    Probability of this rate at any location in the 
area 
                             (%) 
             4               80 
            10               40 
            20               10 
            50                
                              
Most likely point max rate   12 
Time of max rate             16-21 
 
Valid from 1500 on Saturday 03 August 2002 to 0900 on Sunday 04 August 2002 
 
Warning 6 
 
EA  (Ref: MO34) 
Warning Issued on Saturday, 03 August 2002 at 23:28 
 LWCHRWNE Heavy Rain Warning for EA Thames - Northeast Area 
From the Met Office London. Telephone 020 7204 7254 
 
Probability of Rainfall Amounts 
 
   Rainfall amounts (mm)     Probability of this amount at any location in the 
area 
                             (%) 
         > 0 - 10            90 
          10 - 20            50 
          20 - 40            20 
          40 - 60             
          60 - 80             
         80 - 100             
           100 +              
                              
Most likely point maximum    20 
Timing of event              21-03 
Uncertainty of timings       +/-3 
 
Probability of at least this Rainfall Rate 
 
 Rainfall rates (mm / hr)    Probability of this rate at any location in the 
area 
                             (%) 
             4               90 
            10               30 
            20               10 
            50                
                              
Most likely point max rate   8 
Time of max rate             23-02 
 
Valid from 2300 on Saturday 03 August 2002 to 0600 on Sunday 04 August 2002 
 
Warning 7 
 
EA  (Ref: MO34) 
Warning Issued on Sunday, 04 August 2002 at 12:44 
 LWCHRWNE Heavy Rain Warning for EA Thames - Northeast Area 
From the Met Office London. Telephone 020 7204 7254 
 
Probability of Rainfall Amounts 
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   Rainfall amounts (mm)     Probability of this amount at any location in the 
area 
                             (%) 
         > 0 - 10            100 
          10 - 20            80 
          20 - 40            60 
          40 - 60            20 
          60 - 80            10 
         80 - 100             
           100 +              
                              
Most likely point maximum    25 
Timing of event              13-21 
Uncertainty of timings        
 
Probability of at least this Rainfall Rate 
 
 Rainfall rates (mm / hr)    Probability of this rate at any location in the 
area 
                             (%) 
             4               100 
            10               100 
            20               70 
            50               10 
                              
Most likely point max rate   32 
Time of max rate             13-18 
 
Valid from 1300 on Sunday 04 August 2002 to 2100 on Sunday 04 August 2002 
 
Warning 8 
 
EA  (Ref: MO34) 
Warning Issued on Monday, 05 August 2002 at 10:42 
 LWCHRWNE Heavy Rain Warning for EA Thames - Northeast Area 
From the Met Office London. Telephone 020 7204 7254 
 
Probability of Rainfall Amounts 
 
   Rainfall amounts (mm)     Probability of this amount at any location in the 
area 
                             (%) 
         > 0 - 10            100 
          10 - 20            80 
          20 - 40            50 
          40 - 60            20 
          60 - 80            10 
         80 - 100             
           100 +              
                              
Most likely point maximum    30 
Timing of event              11-22 
Uncertainty of timings       2 
 
Probability of at least this Rainfall Rate 
 
 Rainfall rates (mm / hr)    Probability of this rate at any location in the 
area 
                             (%) 
             4               100 
            10               100 
            20               80 
            50               40 
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Most likely point max rate   32 
Time of max rate             13-19 
 
Valid from 1100 on Monday 05 August 2002 to 2200 on Monday 05 August 2002 
 
Warning 9 
 
EA  (Ref: MO34) 
Warning Issued on Wednesday, 07 August 2002 at 11:52 
 LWCHRWNE Heavy Rain Warning for EA Thames - Northeast Area 
From the Met Office London. Telephone 020 7204 7254 
 
Probability of Rainfall Amounts 
 
   Rainfall amounts (mm)     Probability of this amount at any location in the 
area 
                             (%) 
         > 0 - 10            90 
          10 - 20            60 
          20 - 40            20 
          40 - 60             
          60 - 80             
         80 - 100             
           100 +              
                              
Most likely point maximum    30 
Timing of event              15-09 
Uncertainty of timings       +/-3 
 
Probability of at least this Rainfall Rate 
 
 Rainfall rates (mm / hr)    Probability of this rate at any location in the 
area 
                             (%) 
             4               70 
            10               40 
            20               20 
            50                
                              
Most likely point max rate   15 
Time of max rate             15-03 
 
Valid from 1500 on Wednesday 07 August 2002 to 0900 on Thursday 08 August 2002 
 
Warning 10 
 
EA  (Ref: MO34) 
Warning Issued on Friday, 09 August 2002 at 05:44 
 LWCHRWNE Heavy Rain Warning for EA Thames - Northeast Area 
From the Met Office London. Telephone 020 7204 7254 
 
Probability of Rainfall Amounts 
 
   Rainfall amounts (mm)     Probability of this amount at any location in the 
area 
                             (%) 
         > 0 - 10            100 
          10 - 20            70 
          20 - 40            30 
          40 - 60            0 
          60 - 80             
         80 - 100             
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           100 +              
                              
Most likely point maximum    25 mm 
Start of event               09/0600 
End of event                 09/2359 
Uncertainty of timings       +/- 2 hrs 
 
Probability of at least this Rainfall Rate 
 
 Rainfall rates (mm / hr)    Probability of this rate at any location in the 
area 
                             (%) 
             4               100 
            10               80 
            20               50 
            50               10 
                              
Most likely point max rate   24 mm / hr 
Time of max rate             15-22 hrs 
 
 
Warning 11 
 
EA  (Ref: MO34) 
Warning Issued on Saturday, 10 August 2002 at 11:52 
 LWCHRWNE Heavy Rain Warning for EA Thames - Northeast Area 
From the Met Office London. Telephone 020 7204 7254 
 
Probability of Rainfall Amounts 
 
   Rainfall amounts (mm)     Probability of this amount at any location in the 
area 
                             (%) 
         > 0 - 10            80 
          10 - 20            70 
          20 - 40            50 
          40 - 60            10 
          60 - 80            5 
         80 - 100             
           100 +              
                              
Most likely point maximum    25 mm 
Start of event               10/1200 
End of event                 10/2100 
Uncertainty of timings       +/- +1 hrs 
 
Probability of at least this Rainfall Rate 
 
 Rainfall rates (mm / hr)    Probability of this rate at any location in the 
area 
                             (%) 
             4               90 
            10               70 
            20               50 
            50               20 
                              
Most likely point max rate   25 mm / hr 
Time of max rate             12 to 19 hrs 
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7.3.2 Ground-truth 
The radar and raingauge ground-truth values for the Heavy Rainfall Warnings issued for Thames 
Northeast area in July and August are given in Table 7.3.2. 
 
Table 7.3.2  Ground-truth values for Thames Northeast Area 
               
          Max         Max        Max 
                                      Raingauge  Raingauge    Radar 
                               Accumulation   Rate   Rate 
Period Start      Period End            (mm)      (mm/hr)    (mm/hr) 
 
16:00 29  7 2002  23:00  29  7 2002     3.60       5.60      191.75 
20:30 30  7 2002  05:00  31  7 2002    29.20    49.60       76.09 
05:00 31  7 2002  11:00  31  7 2002    28.20      27.20       37.28 
11:00 31  7 2002  23:00  31  7 2002    26.60      77.60       79.12 
15:00  3  8 2002  20:00   3  8 2002    22.00      52.80      109.56 
20:00  3  8 2002  02:00   4  8 2002    19.80      30.40       66.97 
12:00  4  8 2002  20:00   4  8 2002    22.60      45.60      124.78 
10:00  5  8 2002  21:00   5  8 2002    11.20      26.40       76.09 
14:00  7  8 2002  08:00   8  8 2002    23.40      42.40      133.94 
05:00  9  8 2002  23:00   9  8 2002    41.80      56.80      170.44 
11:00 10  8 2002  20:00  10  8 2002     6.00      19.20       88.28 
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Appendix A Probability interpretation of Relative Categorical Skill 
Scores 
 
Contingency table in probability form 
 
Event Observed 
Event 
Forecast Yes No Total 
Yes ),( ofp  ),( ofp  p(f) 
No ),( ofp  ),( ofp  )( fp  
Total p(o) )(op  1 
 
),( ofp : joint probability of a hit being forecast and observed (a yes/yes event) 
p(f): marginal probability for an event being forecasted 
)|( ofp : conditional probability of a yes forecast given a yes observation 
Overbar: signifies a no event eg. f  indicates forecast is that an event will not occur 
 
Likelihood Ratios, LR1and LR2 
 
LR1 is the Likelihood Ratio for correct forecast of a non-event. 
)(
)(
1 dbc
cadLR
+
+
= )|(/)|( ofpofp=  
LR2 is the Likelihood Ratio for correct forecast of an event. 
)(
)(
2
cab
dbaLR
+
+
= )|(/)|( ofpofp=  
Use: Measure of information provided by having forecast service, separately for events and non-events 
 
Odds Ratio, θ  
 
Compares the conditional odds of making a good forecast (a hit) to those of a bad forecast (a false detection). 
 
The odds (or risk) Ω  of an event is the ratio of the probability p of it occurring to it not occurring, 1-p, and so 
pp −=Ω 1/ . 
 
 
21)|(
)|( LRLR
bc
ad
of
of
==
Ω
Ω
=θ . 
 
Use: Overall measure of information provided by having forecast service. 
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Appendix B Glossary of terms 
 
Bias The mean of the errors in the rainfall forecast. It indicates over-estimation (negative values) or 
under-estimation of rainfall by a forecast. 
 
Bias Ratio An indicator of whether too many (greater than 1) or too few events are forecast. 
 
Brier Score A statistical measure which provides the typical size of error in probability terms. 
 
Climatology Forecast A forecast generated randomly with the same number of values above a 
threshold as in the observations. 
 
Contingency Table A table giving the number of events that are, or are not, observed and/or 
forecast. 
 
Critical Success Index This is the number of correct forecasts divided by total number of events 
that are either forecast or observed. A Skill score which provides a balanced measure of forecast 
success. 
 
Efficiency See under R2 Efficiency. 
 
Event An exceedance of a rainfall threshold value. 
 
False Alarm Rate. This is the proportion of forecast events that fail to materialise. A Skill score 
that emphasises events incorrectly forecasted. 
 
Ground-truth An observed value, often derived from raingauge and/or radar data, that is used to 
approximate a true rainfall quantity at the ground surface.g. maximum rainfall rate. 
 
Likelihood Ratio A statistical measure used here to measure how useful a forecast is. 
 
Mean absolute error The mean of the absolute values of the rainfall forecast errors. In indicates 
the typical size of rainfall forecast error. 
 
Median error The median of the rainfall forecast errors. It indicates over-estimation or under-
estimation of rainfall by a forecast. 
 
Naive forecast A simple forecast to be used for comparative purposes. 
 
Odds Ratio A statistical measure that provides an overall measure of information provided by 
having a forecast service. 
 
Probability of Detection The proportion of events that are correctly forecast. A Skill Score that 
emphasises events correctly forecasted. 
 
Probability Table  A table giving probabilities of whether an event will exceed a series of 
threshold sizes. 
 
Root mean square error A measure of the typical size of rainfall forecast error. 
 
R2 Efficiency The proportion of variance in observations that is accounted for by a forecast. 
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Skill Scores Statistics that can be used to provide information about how well forecasts perform for 
different sizes of rainfall event.  
 
Target Quantity A target quantity is a quantity that is forecast in the Heavy Rainfall Warnings. 
 
Validity Time The time up until which the warning is valid, or a period of validity. 
